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The electrochemical behavior of magnesium deposition-dissolution on scratched aluminum foils in Grignard reagent/tetrahy-       
drofuran (THF) solutions (1 mol L1 EtMgBr/THF), which is regarded as a potential electrolyte of rechargeable magnesium bat-
teries, was studied by using various methods such as cyclic voltammetry (CV), scanning electron microscopy (SEM), X-ray dif-
fraction (XRD) and charge-discharge (deposition-dissolution) tests. The results present that the obtained magnesium deposits do 
not exhibit the morphology of dendrite and the Mg-Al alloy is not found on the surface of aluminum foils. The magnesium depos-
ited on the aluminum substrates have excellent electrochemical cyclic performance in 1 mol L1 EtMgBr/THF solution. The alu-
minum can be used as a candidate material of the negative current collector for rechargeable magnesium batteries. 
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Electrochemical energy storage devices are key components 
for innovative power train systems such as plug-in hybrid 
vehicle (PHV), fuel cell hybrid vehicle (FCHV), and elec-     
tric vehicle (EV) [1,2]. Currently, Li-ion batteries have been 
widely used in the fields of hybrid electric vehicles (HEV) 
and EV due to their high energy densities. However, there 
are some shortcomings which have not been resolved in 
Li-ion batteries, such as poor safety performance and high 
cost [3,4]. Magnesium as an electrode has the advantages of 
high Faradic capacity, environmental acceptability, good 
reliability, high safety and low cost. Therefore, the re-
chargeable magnesium battery is considered as an ideal 
substitution for the Li-ion battery in the future [5,6], which 
is becoming an attractive power battery and developed by 
many international companies and research institutes [7,8].  
Liebenow [9] has investigated that the reversibility of 
electrochemical magnesium deposition on Au and Ag sub-
strates in Grignard reagent/ether solutions. The magnesium 
deposits on Au and Ag substrates have smooth and compact 
morphologies. Aurbach et al. [10–14] studied the electro-
chemical deposition-dissolution mechanisms of magnesium 
on Au substrates in different ethereal solutions of complexes 
of the Mg(AX4nRn′R′n″)2 type (A=Al, B; X=Cl, Br; R, R′= 
alkyl or aryl groups; and n′+n″=n) by using various analyti-
cal techniques. They found that the electrolyte was a key 
factor on morphologies of the magnesium deposits. Nuli et 
al. [15,16] reported that electrochemical deposition-disso-     
lution processes of magnesium in both ionic liquid electro-
lytic solutions of BMIMBF4 and PP13TFSI with 1 mol L
1 
Mg(CF3SO3)2 are highly reversible. Wang et al. [17] have 
studied the electrochemical magnesium deposition-dissolu-     
tion behavior in a mixed ionic liquid of BMIMBF4 and 
PP13TFSI with the volume ratios of 2:1, 3:1, and 4:1 in 
the presence of 0.3 mol L1 Mg(CF3SO3), respectively. 
They found that those mixed electrolyte systems were well 
compatible with the deposition-dissolution of magnesium  
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and the reversible behavior could be maintained over 200 
cycles. Gummow and He [18] have explored the morpholo-
gies and the preferred orientation of magnesium electrode-
posited on stainless steel substrates by electrical pulse in   
3 mol L1 CH3MgCr/THF solution, 2 mol L1 BuMgCr/THF 
solution and 1.45 mol L1 BuMgCr/dibutyl diglyme (DBG) 
solution, respectively. They discovered that the morpholo-
gies of magnesium deposits changed greatly with the com-
position of electrolytes and the charging current densities. 
Matsui [8] has studied the process of magnesium electro-
deposition on a polished platinum substrate in 2 mol L1 
EtMgCl/THF solution. They found that the overpotential of 
magnesium electrodeposition was proportional to the con-
centration of electrolytic solutions and the obtained magne-
sium deposits did not show a dendritic morphology. Zhao et 
al. [19] have investigated the reversibility of electrochemical 
magnesium deposition-dissolution on Cu, Ni and Al sub-
strates in 1 mol L1 pyrrolidinyl magnesium halide/tetrahy-      
drofuran solutions (C4H8NMgX/THF, X=Br, Cl), respective-
ly. The magnesium deposition-dissolution behavior shows 
excellent reversible on these three types of substrates in 1 
mol L1 C4H8NMgBr/THF solution at 1:1 molar ratio for 
EtMgBr and pyrrolidine. Kakibe et al. [20] have studied the 
deposition-dissolution behavior of magnesium on Ni sub-
strates in a ternary ionic liquid/MeMgBr/THF solution. 
Their experimental results show that an electrochemical re-
versible process of magnesium deposition-dissolution is 
realized in this mixed electrolytic solution. Yoshimoto et al. 
[21] have investigated the deposition-dissolution behavior 
of magnesium on the Au substrate in an electrolyte of Gri-
gnard reagent solution (EtMgBr/THF) mixed with ionic 
liquid (DEMETFSI). A reversible process of magnesium 
deposition-dissolution has been successfully achieved in 
this mixed electrolyte at room temperature. Kakibe et al. [22] 
have also studied the electrochemical behavior of magne-
sium deposition-dissolution on Ni substrates in a binary 
ionic liquid electrolyte containing an organo-magnesium 
complex (MeMgBr/THF/[DEME+][TFSI]0.5[FSI]0.5). Their 
experimental results show that a good reversibility for mag-
nesium deposition-dissolution could be obtained.  
Aluminum is an essential component used as the positive 
current collector for Li-ion batteries [23–30]. However, 
aluminum could not be used as the negative current collec-
tor for Li-ion batteries owing to the alloying effect of alu-
minum with lithium [31,32]. In this study, the electrochem-
ical behavior of scratched aluminum foils used as the nega-
tive current collector in Grignard reagent/THF solution   
(1 mol L1 EtMgBr/THF) was investigated.  
1  Experimental   
The electrochemical processes of magnesium on the surface 
of aluminum substrates were carried out by using a three- 
electrode cell assembled in an argon atmosphere glove box 
(MIKROUNA Advanced 2440/75), in which the concentra-
tions of water and oxygen were kept below 1×106 at room 
temperature, and the Solatron SI 1287/1260 electrochemical 
workstation was applied to collect the electrochemical data. 
The working electrodes were aluminum foils (99.99% in 
purity), while the magnesium foil (99.99% in purity) were 
served as both counter and reference electrodes.  
The ethylmagnesium bromide in tetrahydrofuran (1 mol L1 
EtMgBr/THF) were obtained from the Acroseal company 
and the pure THF solution was purchased from the TCI 
company. All the electrodes were rinsed with pure THF 
(99.99%) solutions and then dried at room temperature un-
der vacuum for 24 h before testing. The scratched aluminum 
foils with a fresh surface were obtained by removing the 
surface oxide film with a knife.  
The cyclic voltammetry (CV) tests were conducted from 
0.5 to 0.5 V (vs. Mg RE) with a scanning rate of 5 mV s1. 
The electrodeposition of magnesium was performed by using 
a galvanostatic method at a current density of 1.0 mA cm2. 
The time of the galvanostatic deposition is 30 min. After 
electrodeposition, magnesium deposits were immediately 
rinsed with pure THF solutions for 3 times to remove the 
electrolytic solution.  
The surface morphologies of aluminum foils were ob-
served by a Hitachi S-4800 scanning electron microscopy 
(SEM). X-ray diffraction (XRD) patterns of magnesium 
deposits on the surface of aluminum foils were examined by 
a Rigaku D/max-2500 diffractometer with a Cu K radia-
tion in the 2 range of 20°–80°. The charge-discharge 
curves of aluminum foils were tested under different current 
densities (0.5, 1.0, 1.5, 2.0 mA cm2) in 1 mol L1 EtMgBr/ 
THF solution. The time of the galvanostatic charging is also 
30 min and the cut-off voltage of discharging is 2.0 V (vs. 
Mg RE).  
2  Results and discussion 
Figure 1 displays the cyclic voltammograms of scratched 
aluminum foils in 1 mol L1 EtMgCl/THF solution. It is 
seen that the 20th and 50th CV curves are essentially coin-
cident with that of the 1st cycle. The magnesium is electro-
deposited almost from 0.18 V (vs. Mg RE) in each cycle. 
There is only one anodic peak and one cathodic peak in 
each CV curve, which represents the dissolution-deposition 
of magnesium in the electrolytic solution, respectively. This 
result means that the electrochemical reaction of magnesi-
um deposition-dissolution on a scratched aluminum foil in  
1 mol L1 EtMgBr/THF solution is completely reversible.  
Figure 2 shows the SEM images of aluminum foils be-
fore CV tests (Figure 2(a) and (b)) and after the 10th CV 
test in 1 mol L1 EtMgBr/THF solution (Figure 2(c) and (d)), 
respectively. The surface morphology of aluminum foils 
before CV test is coarse and there are some sanding scratches  
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Figure 1  Cyclic voltammograms of magnesium deposition-dissolution on 
a scratched aluminum foil at 1st, 20th and 50th cycles in 1 mol L1 
EtMgBr/THF solution (scanning rate: 5 mV s1).  
on the surface of aluminum foils. The surface morphology 
of aluminum foils after the 10th CV test is essentially simi-
lar with that of aluminum foils before the CV test. There are 
no apparent traces of shedding caused by the alloying effect 
on the surface of aluminum foils after the 10th CV test. 
These results demonstrate that magnesium deposits could 
not form the Mg-Al alloy on aluminum substrates during 
CV tests in 1 mol L1 EtMgBr/THF solution. 
Figure 3 shows the SEM images of magnesium deposits 
after 30 min of the galvanostatic electrodeposition on a 
scratched aluminum foil. As shown in Figure 3(a), the ob-
tained magnesium deposits are composed of many scattered 
grains with a round shape and do not show a dendritic mor-
phology. Furthermore, the magnified image (Figure 3(b)) 
shows that these magnesium grains have a uniform size 
approximately 30 m and each grain shows a clear edge 
reflecting the hexagonal structure of magnesium. This result 
suggests that the magnesium deposits could not form a den-
dritic morphology during the process of deposition-dissolu-      
tion in 1 mol L1 EtMgBr/THF solution, which is consistent 
with the result of magnesium elecrtrodeposition on a pol-
ished platinum substrate in 2 mol L1 EtMgCl/THF solution 
[8].  
Figure 4 displays the XRD patterns of aluminum foils 
before the CV test and after the 10th CV test in 1 mol L1 
EtMgBr/THF solution. The XRD pattern before the CV test 
(Figure 4(a)) is corresponding to that of the pure aluminum 
(JCPDS card No. 89-4037), while the XRD pattern after the 
10th CV test (Figure 4(b)) is assigned to the pure magne-
sium (JCPDS card No. 89-4244) except for peaks of alumi-
num substrates. The diffraction peaks of Mg-Al alloy phase 
cannot be found in Figure 4(b), which further indicates that 
the Mg-Al alloy as the magnesium deposits could not form 
on aluminum substrates during CV processes in 1 mol L1 
EtMgBr/THF solution. 
Figure 5 shows the charge-discharge curves of aluminum 
foils under different current densities (0.5, 1.0, 1.5, 2.0  
mA cm2) in 1 mol L1 EtMgBr/THF solution. The potential 
of the magnesium deposition gradually shifts to the negative 
direction with the increasing of current densities during the 
charging process. All potentials of the magnesium deposi-
tion under different current densities are essentially stable,  
 
Figure 2  SEM images of aluminum foils before the CV test ((a), (b)) and after the 10th CV test ((c), (d)) in 1 mol L1 EtMgBr/THF solution.  
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Figure 3  SEM images of magnesium deposits on a scratched aluminum foil after 30 min of the galvanostatic electrodeposition.  
 
Figure 4  XRD patterns of aluminum foils before the CV test and after 
the10th CV test in 1 mol L1 EtMgBr/THF solution. (a) Before the CV test, 
(b) after the 10th CV test.  
 
Figure 5  Charge-discharge curves of aluminum foils under different 
current densities in 1 mol L1 EtMgBr/THF solution. 
which indicates that no magnesium dendrite has generated 
on the surface of aluminum foils during the charging pro-
cess. Furthermore, the potential of the magnesium dissolu-
tion gradually shifts to the positive direction with the in-
creasing of current densities during the discharging process. 
All potentials of the magnesium dissolution under different 
current densities are also steady in the initial stage of dis-
charging processes. However, these potentials of the mag-
nesium dissolution under different current densities increase 
abruptly at the end of discharging processes due to the de-
pletion of magnesium deposits.  
Figure 6 demonstrates the curves of the charge-discharge 
efficiency (Coulombic efficiency) during cycling tests for 
aluminum foils under different current densities in 1 mol L1 
EtMgBr/THF solution. The Coulombic efficiency is calcu-
lated according to the ratio of the charging amount of mag-
nesium dissolution to that of magnesium deposition. It is 
evident that the Coulomb efficiency decreases with the in-
creasing of current densities. The capacity loss due to mag-
nesium dissolution is mainly found during the initial 10 
cycles under different current densities. However, the Cou-
lomb efficiency shows an obviously stable value after the 
15th cycle under different current densities. The stable values 
of Coulomb efficiency are about 93%, 86%, 70% and 65% 
under the current densities of 0.5, 1.0, 1.5, and 2.0 mA cm2, 
respectively. These results are superior to that of magnesi-
um deposition-dissolution on aluminum substrates in the 
C4H8NMgX/THF (X=Br, Cl) solution. This is because the 
process of magnesium deposition-dissolution is accompanied  
 
Figure 6  Dependence of the Coulombic efficiency on the cyclic number 
for aluminum foils under different current densities in 1 mol L1 EtMgBr/ 
THF solution. 
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by different adhesion and cohesion of the specific adsorbed 
species on the surface of aluminum substrates, which may 
influence the nucleation process of magnesium [33]. There-
fore, the Coulombic efficiency of magnesium deposition- 
dissolution on the surface of aluminum substrates in different 
electrolytic solutions is obviously different.  
3  Conclusion 
The electrochemical deposition-dissolution behavior of mag-
nesium on scratched aluminum foils in 1 mol L1 EtMgBr/ 
THF solution was studied by CV, SEM, XRD and charge- 
discharge tests. The results show that the obtained magne-
sium deposits have not exhibited a dendritic morphology 
and the Mg-Al alloy has not been found in the obtained 
magnesium deposits. The aluminum foils have a good cy-
clic performance in 1 mol L1 EtMgBr/THF solution. These 
results provide a prospect that the aluminum could be used 
as a candidate material for the negative current collector of 
rechargeable magnesium batteries. 
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